To develop models for estimating the length of hospital stay (LOS) of very low birth weight infants (VLBW), based on perinatal risk factors present during the first week of life and during the entire hospitalization period.
In recent decades, there was an increase in preterm newborn's survival, especially among those with very low birth weight (VLBW; Յ1500 gm), as a result of technological and therapeutic improvements that occurred in perinatal assistance. 1 As a consequence, the number of children who need a longer hospitalization period in neonatal units has been increasing proportionally. It is frequently observed that, after recovering from the impact of a preterm birth, the parents expose their worries related to the moment of discharge. Despite many explanations about the criteria used for discharging, the neonatologist is usually taken by surprise with the question: "When will my baby go home?"
In the literature there are a few studies that attempt to answer this question, based on perinatal risk factors, but the majority analyze the relationship between hospitalization time and birth weight and/or gestational age, without taking into consideration the presence or absence of other perinatal risk factors. 2, 3 In 1992, Powell et al. 4 determined 17 perinatal factors related to the hospitalization time, among 762 infants admitted to the Hope Hospital (Salford, UK), between April 1986 and November 1990, and concluded that the most important predictive factor was the gestational age (R 2 ϭ 0.39), followed by low birth weight (R 2 ϭ 0.35), and then by the presence of respiratory difficulties (R 2 ϭ 0.18). As a result of the analysis of these aspects, we chose in the present study to create mathematical models for estimating the hospitalization time, with greater accuracy than that achieved by other options presently available. These models are based on two perinatal risk factor groups: those present during the first week of life and those present during the entire hospitalization period.
MATERIALS AND METHODS
The medical records were reviewed of the VLBW population admitted in the nursery from January 1992 to December 1993. The discharge criteria used was a regular weight gain in the range of 20 to 30 gm/d, good oral feeding, absence of clinical complications, and body weight Ն 2000 gm. The cases in which the LOS could not be determined due to transference to other units (necessity of cardiac or gastrointestinal surgery) or to patient death were excluded from the analysis.
The influence of birth weight and gestational age and the presence of risk factors over the length of stay (LOS) were initially evaluated by univariate analysis. Subsequently, two mathematical models were built to estimate the VLBW newborn duration of hospital stay, Original Article
using multiple linear regression. The first model was built using risk factors that could be evaluated within the first 3 days after birth, and the second using risk factors present during the entire hospitalization period. To obtain a better fit of the regression, in the second model (risk factors present during the entire hospitalization period) birth weight was divided into three subgroups (Ͻ1000 gm, 1000 to 1249 gm, and 1250 to 1499 gm) and gestational age into five subgroups (Ͻ29 weeks, 29 to 30 weeks, 31 to 32 weeks, 33 to 34 weeks, and Ն35 weeks). The selection of risk factors to be analyzed was based on the experience of the medical team and on literature data. 4 The following factors were analyzed.
Maternal
• Accomplishment of prenatal care.
• Presence of maternal pathologies (high blood pressure, prolonged rupture of membranes, cardiopathy, diabetes, oligohydramnios, eclampsia, and preeclampsia).
Related to the Delivery
• Type of delivery (vaginal, cesarean, or forceps).
• Complication during delivery (hemorrhage, extraction difficulty, prolapse of the umbilical cord).
• Apgar score at 1 and 5 minutes of life.
• Need for resuscitation management (intubation, drug usage).
Related to the Newborn
Birth weight. Gestational age: The gestational age was obtained through reviews of the maternal history (date of last menstruation) and through use of the Dubowitz method. 5 For discordances Յ2 weeks, the maternal information was used, and for discordances Ͼ2 weeks, the value obtained through the Dubowitz method was used.
Intrauterine growth adequacy: Based on Ramos' intrauterine growth curve, 6 and based on the respective gestational age, newborns with birth weight between the 10th and 90th percentiles were considered adequate for gestational age, those with birth weight under the 10th percentile were considered small for gestational age, and those with birth weight over the 90th percentile were considered large for gestational age.
Presence of pathologies: These include hematologic (occurrence of anemia during hospitalization), cardiac (excluded complex malformations with necessity of cardiac surgery), and nephrologic (genitourinary tract malformation with or without renal dysfunction) problems; metabolic disorders; neurologic problems (central nervous system malformations, intracranial hemorrhage, periventricular leukomalacia, seizures); respiratory distress syndrome (RDS); bronchopulmonary dysplasia (defined as sustained need of O 2 at 36 weeks after conception); apnea crisis of any cause (prematurity, infection); other respiratory problems (persistent pulmonary hypertension syndrome, meconium aspiration syndrome, pneumothorax); jaundice due to hemolytic disease; systemic candidiasis; and occurrence ofother infections (bacterial meningitis, sepses, pneumonia, urinary tract infection).
Use of invasive procedures during hospitalization: Includes endotracheal intubation, vein dissection, umbilical vessel catheterization, exchange blood transfusion, and hemoderivated transfusion.
Age in which the infant started receiving a total energetic supply of 120 kcal/kg per day: This was considered as the adequate need for weight gain, according to third trimester intrauterine patterns.
Age in which the infant reached a weight gain Ն15 gm/kg per day: This factor was one of the nutritional objectives. Simple linear regression using raw data was used to determine the birth weight and gestational age influence over hospitalization time; the association of other risk factors with LOS was determined by analysis of variance. The variation of LOS according to birth weight and gestational age subgroups used in the first mathematical model was tested by one-way analysis of variance. Multiple linear regression with the forward stepwise estimation method was used for the construction of both mathematical models. The statistical software used was SPSS/PC version 3.0 for DOS (SPSS Inc., Chicago, IL). The significance level adopted was 0.05. All regression results are shown as coefficients of determination (R 2 ), meaning how well the regression model describes the data.
RESULTS
During the period analyzed 3116 newborns were admitted. One-hundred fifty-five were classified as VLBW, of which 97 (62.6%) were admitted in the study and 58 (37.4%) were excluded either because they died or were transferred to other units. Within the 97 VLBW infants studied, there was a female sex predominance (58%) over the male sex (42%); 60 newborns were white (61.8%), 4 black (4.1%), 31 mixed (32.0%), and 2 Asian (2.1%).
LOS was influenced by birth weight (R 2 ϭ 0.46, p Ͻ 0.01) (Figure 1 ) and gestational age (R 2 ϭ 0.19, p Ͻ 0.01) (Figure 2 ). The LOS according to birth weight and gestational age subgroups used in the second mathematical model is shown in Tables 1 and 2 . The analysis of the influence of the presence of risk factors over the hospitalization period showed 15 factors associated to higher LOS, particularly the age in which the newborn received nutritional support, Ն120 kcal/kg per day ( Table 3) .
The first mathematical model, built with risk factors present during the first 3 days of life, had an R 2 ϭ 0.63 (adjusted R 2 ϭ 0.60) and is expressed as: where G is the age group that the newborn received a nutritional support equal to or higher than 120 kcal/kg per day, H is the occurrence of systemic candidiasis, I is the presence of birth weight Ͻ 1000 gm, J is the presence of delivery complication, K is the occurrence of bronchopulmonary dysplasia, L is the presence of birth weight between 1000 and 1249 gm, and M is the occurrence of anemia during hospitalization. The asterisk indicates variables that accept 0 (factor absence) or 1 (factor presence) as entrance values; the daggar symbol represents a variable characterized by day groups, with entrance values 1 (Ͻ7 days), 2 (Ն7 and Ͻ14 days), 3 (Ն14 and Ͻ21 days), 4 (Ն21 and Յ28 days), and 5 (Ͼ28 days). The corrected mean gestational age at the moment of discharge was of 39.7 Ϯ 3.5 weeks, with no influence of the gestational age at birth ( p ϭ 0.34).
DISCUSSION
Most of the studies correlate length of hospital stay (LOS) with gestational age and/or birth weight. 2, 3 In this way, the VLBW population is the group in which length and hospitalization costs are significantly higher, making it even more necessary to know the intervening factors and their possible control. 7, 8 The correlation found between LOS and birth weight and/or gestational age is already known. 3, 4, 8 The gestational age, in gestations of Ͻ31 weeks, has also been pointed out by some authors as a strong predictor of mortality and morbidity, besides the LOS. 9, 10 The median/(quartile range) found in this study, 45/(35 to 62), is in agreement with the data published by Powell et al. 4 for VLBW infants, 44/(28 to 66). In the same way, the gestational age corrected at the discharge was comparable to Rawlings' findings (37 to 39 weeks for VLBW). 2 On the other hand, the average lengths of hospitalization by gestational groups were slightly longer than those found by Jijon and Jijon-Letort. 8 We decided to include factors related to the mother, to the delivery, and to the newborn, because VLBW newborns of comparable gestational age can be exposed to different pathologies or complications, which could have different impacts over the LOS. In this way, we can identify which factors had higher influence in the length of hospitalization. This analysis was limited to the VLBW infants, because, in this group, the length and cost of hospitalization are significantly higher and justify the study of the influencing factors in more detail.
The choice of risk factors was based on pathologies that could influence the VLBW newborn LOS. They are similar to the ones used by Jijon and Jijon-Letort, 8 Mimouni et al., 11 Pearlman et al., 12 and Powell et al. 4 However, in the present study, further details were used, including the presence of systemic candidiasis, bronchopulmonary dysplasia, and the nutritional status. The addition of more variables allowed greater precision in the final equations. Using this method we obtained, as the more important variable, the gestational age in which the newborn received a nutritional support of Ն120 kcal/kg per day.
In opposition to our findings, Mimouni et al. 11 did not find a significant relationship between the occurrence of bronchopulmonary dysplasia and the increase in the LOS, which is surprising, due to O 2 chronic dependence and slow recovery, both characteristics of this pathology. The impact of perinatal asphyxia and the need for resuscitation management over the LOS are in accordance with the literature, as well as the occurrence of RDS and infections. 4, 8 It is reasonable to postulate that the factors that influenced the LOS are, to some extent, interconnected. (An asphyxiated VLBW newborn, which demands resuscitation management, will have a higher probability of developing RDS, which will delay the giving of adequate nutritional support and increase the likelihood of infectious complications and so on). This reinforces the idea that the use of a mathematical model with multiple variables allows a more reliable prediction for the LOS and, therefore, is more capable of predicting the necessary actions needed to reduce the hospitalization cost.
For practical use of the estimation of the length of hospitalization time, it was necessary to apply parameters identifiable just after birth. Using only variables present at the early phase of hospitalization, we obtained R 2 ϭ 0.63, a value similar to the one published by Jijon who applied a logarithmic model using gestational age at birth, and obtained an R 2 ϭ 0.76. Using birth weight, gestational age, and a score for ventilation support, Pearlman et al.
12 created a mathematical model applicable at the beginning of hospitalization, with R 2 ϭ 0.60. Adding variables present during the entire hospitalization period, the coefficient of determination improved to 0.82 and had an accuracy greater than the model proposed by Mimouni et al., 11 (R 2 ϭ 0.72), which uses variables nonapplicable during the first week of life. Again, it is clear that the use of multiple factors makes the model more precise and, therefore, a valuable instrument to inform parents and to guide medical care, with the goal of reducing the length and consequent costs of VLBW newborn hospitalization. Based on our results, the prioritization of good nutritional support and the early prevention and treatment of usual complications of this population, such as systemic candidiasis and bronchopulmonary dysplasia, tend to reduce the length and, probably, the costs of VLBW newborn hospitalization.
The findings in this study are not valid for all neonatal intensive therapy services, because the characteristics of mother and newborn populations vary from service to service. We did not study variables associated with gastrointestinal or cardiac malformation requiring surgery, because these newborns were transferred to the specific surgical units. The risk factors influencing LOS are probably different in those infants. The sample size indeed had an influence on our results, i.e. removing risk factors with infrequent occurrence from the final equation. However, we stress the need for each service to study the factors that have the most influence on the LOS of their VLBW population, using a multifactorial model as the one proposed here. In so doing, the prevention or early identification of the factors that most influence the LOS of this population in the nursery may be achieved.
